


%6 SNOINWTISDSIW ***** TTT 0961 HOMVW JINIIISNI LIWHdSY JHI AS OS18VR 

“It ONIZOON S3¥NDI4 IWANNY SINIW 40 NV3NNE 'S ‘N :39NNOS 

MSL ONIAWd 

%001 $31VS W101 a 


61 GOiW3d 4OJ JIGVIVAY S3IYNDIA WIdI4d0 ON 


“6S 8 & % SS 0. 66 2 IS 05 6 & Lr S Sh wm fp ce Ih OF 66. 86. 26. 96. SE. 6. G6 2. [e, 08. 62 82 2 9% S% 0% £2 2, 2, O26 


eeeee eeetee 
.* Pace ee POOH See eee FFF FO FOO e eset teense eeeeee eee seeseeseeeeeeee® POPC C CCE O ere sececce ceeeesee SSH SHEHSS SHH OFHSOSS Leese EeEe® 
. 
. 
. 


(SNOL 40 SNOIT1T11IW 





sovesceceseeees MISCELLANEOUS 9% 


> 
2 
mn 
_ 
= 
oO 
« 
< 
= 
| 


Somehow we don't usually think of 85 
100 penetration asphalt’ as being an instru 
ment of policy in colonial government, but 
that's the way it works out in Algiers 
Atter the Algerian rebels were dispersed, 
their cobblestone barricades were torn 
down and the stones replaced in the 
streets. Then a wary government, with a 
shrewd display of Gallic logic, sealed them 


beneath an overlay of asphalt concrete. C'est la guerre! 


D 


From an official of the duPont Company comes a chatty note 
advising us that one of their lady stockholders recently wrote. 
ishing details about a superior type of German road that 
1 heard about. Further, she wanted to know if duPont 
couldn't produce this “magic chemical” that was transformine 
Germany's beat-up autobabns into thines of beauty and a toy 
forever. It finally turned out that the lady had learned second 
hand about the asphalt resurfacing program that was reported 


m the October 1959 Quarterly 
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First lift of three-inch asphalt concrete surface course 
is placed near Banff. Mount Eisenhower in background 
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Cut in pavement section for installation of an inlet box 
shows full depth of asphalt base on Kansas 1-70 project 


TYPICAL PAVEMENT SECTION 


11” AA-1 Base course 
(4 lifts 


mpaction-Type A-A 


with moisture yntr 


Typical roadbed cross-section showing heavy four-layer bass 2uU paving 


high-type shoulders and related features. Dual roadways here are to « 
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Asphalt-base section is built on Kansas Interstate system by contractor 





who knew how fo lick the aggregate shortage on the plains. 


er HED by summer sun and scoured by winter storms, 
the Great Plains of western Kansas can break a man 
particularly if he's a farmer or a road-builder. There some- 
times isn't enough rainfall to sustain the former, and not 
enough road-building aggregates to suit the latter. 

That's why, when the Kansas Highway Department invited 
bids last year to construct 22.628 miles of Interstate Route 70 
in Trego County, it could have been an invitation to disaster 
for the unwary contractor. 


FIRM WITH FORESIGHT 


But the San Ore Construction Company of McPherson had 
the vision to anticipate the challenge in this part of the state, 
As early as 
five years ago, the firm staked out a lease on the only important 
source of crushed stone in that part of Kansas. Ten years 


and the good sense to do something about it 


ago, the same firm had the foresight to recognize that Kansas 
sands are deficient in filler particles and took a long-term 
lease on a large sand pit which produces material which falls 
nto the desirable minus 80 mesh classification 

In addition, the contractor did a good job of reconnaissance 
in west-central Kansas and was privy to the locations of nu 
merous useful sand pits. Armed with know-how in sand- 
asphalt base construction and the necessary ‘“know-where’’ for 
short-haul supplies of aggregates, San Ore was able to bid 
with confidence on the first asphalt section for the Kansas 
Interstate-Defense system 

Finally, and of critical importance, the San Ore crews 
were old hands at meeting the strict Kansas gradation specifica- 
tions for this type of work and were experienced in laying 


sand isphalt base 


ASPHALT BASE SPECIFIED 


This section roughly parallels U. S. Route 40, bypassing 


the towns of Ogallah, Wakeeney and Collyer. The Highway 
Department, paintully aware of the aggregate shortage on the 
loamy plains, called for a road-mixed asphalt base design with 
in asphalt concrete surface—in effect, beefing up the locally 
wailable base materials of inferior quality and adding a heavy 


duty asphalt surface of adequate thickness. This shrewd use 


Base materials were windrowed and mixing was done by 
a mixing train which traveled at rate of a mile in 4 hours 





of asphalt has been winning many engineering converts in 
those geographical areas afflicted with an aggregate deficiency 

This marriage of road-mixed sand-asphalt base to plant- 
mixed asphalt concrete surface is an old story in Kansas 
It is a pavement design which has performed handsomely on 
state primary roads. Adapting the design to Interstate 
traffic meant simply beefing up the base thickness and tailor- 
ing the surface type to the need. 

A typical design section for the I-70 pavement shows 
11 inches of road-mixed asphalt base, using four percent 
MC-4 cutback after blending of base materials from windrows 
The eleven inches of asphalt base were laid down on six 
inches of compacted subbase in four lifts, topped with four 
inches of hot-mix asphalt concrete applied in two courses 
The top three inches of asphalt base mix was extended full 
width to provide a three-inch base for the shoulders which 
were surfaced with three inches of asphalt plant-mix 


MATERIAL PLACED IN WINDROWS 


The base materials, carefully graded, were placed in wind- 
rows which were shaped and further blended by motor 
grader. The asphalt mixing train, straddling the windrow and 
moving at a rate of about one mile every four hours, applied 
the cutback and the mixture was aerated until the volatiles were 
reduced by about fifty percent. 

Spreading of the windrow for each lift was performed with 
an electronically-controlled blade which already had proved 
itself in grading the roadbed to remarkably close tolerances 
Base rolling was done with pneumatic-tire rollers, both self- 
propelled and tractor-drawn. Use of the subgrade and the 
compacted base courses as haul roads proved the stability of 
the foundation construction when, under this type of con 


centrated wheel loading, there was no evidence of rutting or 
displacement 

The project involved three separate but adjacent contracts 
involving 684,440 tons of base and surface aggregates and 
3,643,677 gallons of asphalt Total bid price was $3 
171,485.43 for an average overall cost of $208,252 per four 
lane mile. Cost of the 15-inch asphalt pavement was approx 
imately $3.36 per square yard, exclusive of shoulders and 


ramps 


Spreading of base materials was done by electronically- 
controlled blade for greater uniformity and smoothness 
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Efficient FILTERING for Effectivem 


A discussion of some important aspects 


By W. R. Lovering 
District Engineer—The Asphalt Institute 
Sacramento, California 


This article was presented by Mr. Lovering 
on March 2, 1960, as part of a panel discus- 
sion on “How Should Asphalt Pavement Sec- 
tions Be Designed for Effective Drainage”, held 
during the Third Annual Highway Conference 
at the College of the Pacific. 


ITH the present trend toward elimination of side ditches 
and increase in lane width for driver safety, together 
with full paving of shoulders for greater structural support, the 
design of adequate drainage features in the pavement structural 
section has become a complex and demanding requirement of 
highway design. Consequently, the design and construction 
of these drainage facilities should no longer be treated as 
routine. Any drains installed must quickly and effectively 
remove all free water from the structural section and they 
must perform this function throughout the entire life of the 
highway. The problems encountered are, in many respects, 
approaching those of airport drainage 
All too frequently, when ground water seepage is en 
ountered on a highway project, standard underdrains are 
installed without any special design, assuming that the under 
drain will provide all the drainage required. Culverts for 
surface runoff are selected with care to provide the needed 
capacity, but the capacity of the subsurface drainage is scarcely 
considered. The grading of the filter material, the spacing 
of the underdrains, and the thickness of the filter blanket used, 
ire all factors that must be analyzed and evaluated with due 


regard to the soil to be drained and the grades involved 


EVALUATE VARIABLES 


These variables are, at best, difficult to analyze due to the 


seasonal fluctuation in the volume of seepage and variation in 


Shoulder cracking coused by water draining into fill slope 


Pe 


permeability with compaction. The variables involved must 
be evaluated, however, at least approximately, and the drain- 
age designed accordingly, because inadequate drainage will 
result in a saturated foundation with loss of support. More 
important, a hydrostatic head may develop in the base sufficient 
to lift the pavement. A hypothetical example (Figure 1) will 
illustrate the principles involved: 

If we assume a one-foot layer of filter material placed 
on a sixty-foot width of water-bearing soil with a 2% cross- 
slope toward an underdrain (hydraulic gradient of 0.02), and 
if we assume, further, a coefficient of permeability of ten feet 
per day for the filter material, each lineal foot of this in- 
stallation will be capable of carrying approximately .37 cubic 
feet, or less than 3 gallons of water to the underdrain each 
day. A dripping faucet will produce a pint of water in 10 
minutes, or 18 gallons in a day—six times as much water 
as would be removed by each lineal foot of underdrain con- 
forming to the above conditions 

If the soil beneath the filter material has a coefficient 
of permeability of only .2 foot per day and a hydraulic gradient 
of 0.04, the amount of water trying to enter the filter material 
will be 0.48 cubic foot per day. This excess of .11 cubic 
foot per day gradually will increase the hydrostatic pressure 
beneath the pavement and if the pavement is relatively imper 
vious, so that the water cannot escape, the pavement will be 
lifted and eventually broken by traffic. Actual examples of 
this have been noted where uplift has been sufficient to create 


a hazard to trafhic 


A CONSERVATIVE EXAMPLE 


The illustration cited is admittedly an oversimplitication and 
a more accurate estimate of the hydraulic gradients may be 
made by the construction of a flow net. It is, however, a 
conservative example of what is occurring on many of our 
highways. The assumed conditions cover only what might 
occur with a uniform and relatively impervious soil. When 
we consider the possibilities of water-bearing strata of silty 
gravel or sand, the consequences are even more startling 

Before discussing possible solutions to the above problem, let 
us first consider the requirements of a satisfactory underdrain 


Water is shown here rising through the pavement on a fill 
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q= W@ 2 = Peak discharge in Cu. Ft. per day per foot of drain 


e = k = Coefficient of permeability in feet per day 
f h i g h w a y dr a i n a g e H, T, and D are dimensions shown. 


. S. CORPS OF ENGINEERS FILTERS CRITERIA 
CALIFORNIA DIVISION OF HIGHWAYS FILTER MATERIAL 


1. It must have sufficient capacity to remove any free 
water from beneath the pavement. To do this the 
permeability of the underdrain must be several 
times the permeability of the soil which is to be 
drained. 


It must maintain the same permeability throughout 
the design life of the pavement. To prevent clog- 
ging of the drain the filter material must have 
a grading sufficiently fine to prevent migration of 
silt particles into the drain from the adjacent soil. 


PERCENT PASSING 


The relative permeability of the materials involved can b 
determined accurately only by tests, although tests on remolded 


samples may also be misleading. A working procedure, based —— 
SIEVE OPENING IN INCHES 


on the grading of the materials, was suggested by Terzagi for 
the selection of filter material gradings. This procedure has 
been tested and adopted, with certain modifications, by the 
Corps of Engineers. The criteria are based on the piping 


ratio determined by the relationship of the maximum size re < ieee. Untreated rock base 
so‘ OST OC LS Ore CO Te OT Ce 
Pervious sub-base 


0%, %, Oy © “* 
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of the smallest 15% and the maximum size of the smallest 
85% of both the soil and the filter material. The most im 
portant of these criteria are ee 34 0.50 Filter material 

ene . oe, 

To prevent clogging of the filter material, the ratio of the 

& é 7 Drain rock 

15% size of the filter material to the 85% size of the ma 
terial to be drained shall not be greater than 5; and the ratio TWO LAYER SYSTEM FOR HEAVY FLOW 
of the 50% size of the filter material to the 50% size of the 
material to be drained shall not be greater than 25 

To assure adequate capacity, the ratio of the 15% size EFFECT OF MINOR CHANGE IN GRADING ON PERMEABILITY 
of the filter material to the 15° size of the protected soil 


shall be at least 5 


STANDARD WORKING GRADINGS 


The use of the Corps of Engineers’ criteria requires the s¢ 
lection of a filter material grading for each installation, d¢ 
pending on the grading of the soil to be drained. This 
procedure is not practicable for contract bidding unless the 
requirements may be accurately determined well in advance 
For this reason, the California Division of Highways has used 
standard filter material gradings. These standard gradings 
have been revised recently. They are much more open than 
those previously specified and the capacity should be adequate 100. 50 30 16 % %* 
for any fine soils SIEVE SIZE 

These standard gradings, however, while entirely satisfactory SPER SS Saas ae 
for normal conditions, may not be expected to fit all conditions 
and each installation should be given careful study and evalu- 
ation. This critical evaluation will, in most cases, have to be 
made during actual construction and will, therefore, depend eat testeecat at oie tat eects, sf, ° 2°, a"e) Unteseeedl anak Uenae 
on the alertness of the resident engineer EAE AEE REE a * pn ninty aan cobs ccnseeeyas 

Application of the Corps of Engineers criteria to the new . eee nese ap 2 Rats Socrear oe 
gradings may be of interest in illustrating the type of soil Nt 
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Typical of California’s attention to drainage features is 


this picture showing asphalt curbing and drainage flume 
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Sheboygan, W 


CORPORATION 


and Gas Corporation 


Denver and 


iLF 


NEW YORK 20, N.Y 1270 Avenue of the Americas 


Ne Y 7 ty t } nad and ew Jersey 
BOSTON 16, MASSACHUSETTIS—419 Boylston Street 
scticut, Maine Massachusett New Ham, 
hire Rhode Island, Vermont 


ALBANY 7, NEW YORK—11 North Pearl Street 
New York State (except New York City and Lo 


HARRISBURG 
Street 
Delowore, Pennsylv 


RICHMOND 19, VIRGINIA 
District of nbia, Maryland 


Virainia 


ATLANTA 9, GEORGIA—881 Peachtree Street, NE 


Florida, Georgia, South Car 


PENNSYLVANIA—800 North Second 


Travelers Building 


North Caro 


MONTGOMERY 4, ALABAMA—79 Commerce Street 


NEW ORLEANS 18 
Building 


LOUISIANA—Maison Blanche 


siana, M 


MEMBERS OF 


petroleum 


THE ASPHALT 


INSTITUTE 


EXECUTIVE OFFICES AND LABORATORIES 


Asphalt Institute Building 
Campus—University of Maryland 


College Park, Maryland 


THE 
As of April 1 


ASPHALT 
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asphalt industry, to serve both users and 


and advocate quality construction and 


EMPIRE STATE OIL COMPANY 
Thermopolis, Wyoming 


ESSO STANDARD 
Division of Humble Oil & Refining Co 


New York, N.Y 
FARMERS UNION’ CENTRAL 
Laurel, Montana 


GENERAL ASPHALTS, INC 
A subsidiary of Kerr-McGee Oil Industries, Inc 


Oklahoma City, Oklahoma 
GOLDEN BEAR OIL COMPANY 
Los Angeles, California 
GREAT NORTHERN OIL COMPANY 
St. Paul, Minnesota 
HUMBLE OIL & REFINING COMPANY 
Carter Division 
Billings, Montana 
HUNT OIL COMPANY 
Dallas 
HUSKY OIL COMPANY 
Cody 
IMPERIAL OIL LIMITED 
Ontario, Cana 
LEONARD REFINERIES, INC 
Alma, Michigan 


LION OIL COMPANY 
A Division of Monsanto Chemical Company 


El Dorado, Arkansas 
MACMILLAN PETROLEUM CORPORATION 
El Dorado, Ark. and Los Angeles 
MARUZEN OIL COMPANY LIMITED 
Osaka, Japan 


MOBIL OIL COMPANY 
A Division of Socony Mobil Oil Co., Inc 


New York, N.Y 
MONARCH REFINERIES, INC 
Oklahoma City, Oklahoma 
NORTHWESTERN REFINING COMPANY 
St. Paul Park, Minnesota 


AB NYNAS-PETROLEUM 
Sweden 


EXCHANGE INC 


Texas 


Wyoming 


Toronto 


Nynashamn 


ENGINEERING OFFICES 


As of April 1 


INSTITUTE 
1960 


DIVISION OHIO VALLEY-GREAT LAKES 


COLUMBUS 15, OHIO—Neil House 
Indiana, Kentucky, Michigar Ohio, West Vira 
LANSING 16, MICHIGAN—109 West Michigan Avenue 
Michigan, Northern Indiana 


LOUISVILLE 7. KENTUCKY—4050 Westport 


Kentucky, Southern 


Road 


Indiana 


DIVISION IIl—MIDWEST 


ST. PAUL 4, MINNESOTA—1951 University Ave 
Colorado, Illinois, lowa, Idaho, Kansa Minne 
sota, Montana, Missouri, Nebraska, North Dak 
South Dakota, Utah, Wisconsin, Wyoming 

PIERRE, SOUTH DAKOTA—104 South Euclid 
North Dakota and South Dakota 

CHICAGO 39, ILLINOIS—6261 West Grand Avenue 
Wisconsin and Metropolitan Chicago 

SPRINGFIELD, ILLINOIS—2606'2 South Sixth Stree 
Illinois, ‘except Chicago), St. Louis County, Mis ri 

KANSAS CITY 3, KANSAS—2500 Johnson Drive 
Kansos, Missouri Lovis C Nebrc 

DENVER 2, COLORADO—1031 15th Street 
Coloradc Utah, Wyoming 

HELENA, MONTANA—Power Block 


Idaho and Montana 


except St 


INSTITUTE 


research and education 


timely 


nonprofit association sponsored by members 


producers of asphaltic 


Member 


Institute members provide 


maintenance 


PALOMAR OIL & REFINING CORPORATION 
Bakersfield, California 

PAZ OIL AND TRADING COMPANY LTD 
Haifa, Israel 

PHILLIPS PETROLEUM COMPANY 
Bartlesville, Oklahoma 

RAFFINERIE BELGE DE PETROLES, S.A 
Antwerp, Belgium 

RICHFIELD OIL CORPORATION 
Los Angeles, California 

JEFF P. ROYDER 
Houston, Texas 

SHELL INTERNATIONAL PETROLEUM COMPANY, LTD 
London, England 

SHELL OIL COMPANY 
New York and San Francisco 

SHELL OIL COMPANY OF CANADA, LTD 
Toronto, Ontario, Canada 

SINCLAIR REFINING COMPANY 
New York, N.Y 

SOCAL OIL & REFINING COMPANY 
Huntington Beach, California 


SOUTH AFRICAN TORBANITE MINING AND 
REFINING CO. LTD 


Boksburg North, Transvaal 
THE SOUTHLAND COMPANY 
Yazoo City, Mississippi 


STANDARD OIL COMPANY 
OF BRITISH COLUMBIA, LTD 
Vancouver, B.C., Canada 
THE STANDARD OIL COMPANY 
An Ohio Corporation 
Cleveland, Ohio 
SUN OIL COMPANY 
Philadelphia, Pennsylvania 
UNION OIL COMPANY OF CALIFORNIA 
Los Angeles, California 
U. S. OIL AND REFINING COMPANY 
los Angeles, California 
WILSHIRE OIL COMPANY OF CALIFORNIA 
Los Angeles, California 
WITCO CHEMICAL COMPANY, INC 
Pioneer Products Division 
New York, N.Y 


VISION IV—SOUTHWEST 


DALLAS 6, TEXAS—Meadows Building 
Arkansa New Mexico, Oklahoma, Texas 


AUSTIN 1, TEXAS—Perry-Brooks Building 


Texa 


OKLAHOMA CITY 2, OKLAHOMA—Republic Building 
Oklahoma 


SANTA FE, NEW MEXICO- 
New Mexic Western 


Arkansas 


10 Radio Plaza 


Texas 


DIVISION V—PACIFIC COAST 


BERKELEY 10, CALIFORNIA—810 University Ave 
Alaska Arizona California Hawaii Nevada 
Oregon, Washington 

LOS ANGELES 17, CALIFORNIA 

Southern California 

OLYMPIA, WASHINGTON—National 

merce Building 
Alaska, Washington 

SACRAMENTO 14, CALIFORNIA—Forum Building 

Northern California, Nevada 

OREGON—2035 S.W. 58th Avenue 


1709 West 8th St 


Arizona 


Bank of Com- 


Central California 


PORTLAND 1 


Oregon 


Printed in the U.S.A 
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